Thank you for the submission of your manuscript to our journal. I apologize for the delay in getting back to you; we have only recently received the full set of referee reports that is copied below.
As you will see, the referees acknowledge that a role for GemC1 in multiciliogenesis is novel and interesting. However, they also have several suggestions for how the study should be improved. All referees remark that high resolution images are required to analyze the generation of monocilia and basal bodies in GemC1 mutant cells. 2 referees each also mention that the hierarchy of GemC1, McIdas and Foxj1 should be clarified, that it should be analyzed whether GemC1 KO mice have respiratory defects, and that it should be determined in which cells of the epithelia exactly GemC1 is expressed and whether it affects cell fate. Regarding the comments by referee 1, referee 2 does not agree with all of them, please see her/his cross-comments below and I think they are reasonable, and you therefore do not need to address all points of referee 1.
Given these constructive comments, we would like to invite you to revise your manuscript with the understanding that the referee concerns must be fully addressed and their suggestions taken on board. Please address all referee concerns in a complete point-by-point response. Acceptance of the manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow a single round of revision only and acceptance or rejection of the manuscript will therefore depend on the completeness of your responses included in the next, final version of the manuscript.
Revised manuscripts should be submitted within three months of a request for revision; they will otherwise be treated as new submissions. Please contact us if a 3-months time frame is not sufficient for the revisions so that we can discuss the revisions further. You can either publish the study as a short report or as a full article. For short reports, the revised manuscript should not exceed 35,000 characters (including spaces and references) and 5 main plus 5 expanded view figures. The results and discussion section must further be combined, which will help to shorten the manuscript text by eliminating some redundancy that is inevitable when discussing the same experiments twice. Commonly used materials and methods can further be moved to the supplementary information, however, please note that materials and methods essential for the understanding of the experiments described in the main text must remain in the main manuscript file. For a normal article there are no length limitations, but the results and discussion section must be separate and the entire materials and methods must be included in the main manuscript file.
Regarding data quantification, can you please specify the number "n" for how many experiments were performed, the bars and error bars (e.g. SEM, SD) and the test used to calculate p-values in the respective figure legends? This information is currently incomplete and must be provided in the figure legends. Please also include scale bars in all microscopy images.
We now strongly encourage the publication of original source data with the aim of making primary data more accessible and transparent to the reader. The source data will be published in a separate source data file online along with the accepted manuscript and will be linked to the relevant figure.
If you would like to use this opportunity, please submit the source data (for example scans of entire gels or blots, data points of graphs in an excel sheet, additional images, etc.) of your key experiments together with the revised manuscript. Please include size markers for scans of entire gels, label the scans with figure and panel number, and send one PDF file per figure or per figure panel.
I look forward to seeing a revised version of your manuscript when it is ready. Please let me know if you have questions or comments regarding the revision.
REFEREE REPORTS
Referee #1:
The paper by Arbi et al. describes experiments to establish a role for the coiled-coil containing protein Gemc1 in the development of multiciliated cells (MCCs) in the mouse. They show that Gemc1 is expressed in tissues that differentiate MCCs. They present data meant to indicate that over-expression of Gemc1 in in vitro cultures of mouse airway cells can result in the production of excessive MCCs. They also provide evidence that Gemc1 over-expression can induce the expression of key transcription factors like Foxj1 and McIdas that regulate MCC formation. Finally, they show that mice lacking Gemc1 function are devoid of MCCs from their airways.
Overall, this paper identifies a novel player in the developmental pathway of the MCCs. However, the authors need to do a major round of revision with new experiments to ensure that the model they propose for Gemc1 function is indeed correct. a) Expression of Gemc1, Fig. 1 : It is necessary for the authors to clarify whether Gemc1 is expressed in the precursors and mature MCCs only or also in other cells of the ciliated epithelia that they have examined. Double fluorescent in situ with Foxj1 or McIdas probe or double antibody staining (anti-Gemc1 and anti-Foxj1/anti-McIdas) is required to resolve this issue. b) In the ALI cultures depicted in Fig. 1 , it seems that Foxj1 expression is initiated before Gemc1. Gemc1 expression seems to be more closely mirroring MCIdas. Is this correct? c) Immunofluorescent images shown in Fig. 2 are not convincing at all. I have difficulty in visualizing excess of Foxj1+ve and McIdas+ve cells in these images. Although the graphs depict excess of these cells, I do not see this information matching up with the immunofluorescent images. We need much better data here for us to believe that Gemc1 over-expression is indeed sufficient for MCC formation. It is possible that Gemc1 induces MCCs by inducing McIdas. Therefore, it is important to know whether Gemc1 can induce MCCs in the absence of McIdas function.
d) It is unclear from the data how Gemc1 induces the Foxj1 and MCIdas promoters. Since Gemc1 over-expression alone can induce the promoters of these genes are the authors implying transcriptional activation directly by Gemc1? If so, ChIP data are essential. But Gemc1 lacks a DNA binding domain so this possibility is highly unlikely. Alternatively, if the authors are implying formation of a transcriptional complex with E2f5, like McIdas, then they must show interaction between E2f5 and Gemc1 using biochemistry. Also, why did the authors not test E2f4 as a potential cofactor for Gemc1? This is a bit absurd since McIdas complexes with E2f4 as well as E2f5. It is possible that Gemc1 induces Foxj1 by inducing McIdas first, since it has already been shown that McIdas can induce the Foxj1 promoter. This issue needs to be addressed. e) Do the Gemc1 knockout mice survive to adulthood or die in the post-natal stages? If they survive, do they have respiratory disorder like human patients with defective MCC differentiation? It is difficult to discern from the images they have provided whether basal body multiplication happens normally in the absence of Gemc1. If McIdas is not induced, I guess the basal bodies also do not multiply. High resolution images are needed to illustrate this point.
f) The authors need to put Gemc1 in the context of Notch signaling since this is the most upstream developmental pathway that regulates MCC formation. g) Finally, it has been previously shown that knockdown of Gemc1 in Xenopus embryos affects DNA replication. Could the authors comment whether this function is conserved in the mouse? In conclusion, even though this manuscript reports an important finding for the field of ciliary biology, it is necessary that the authors address all of the above issues to clarify the function of Gemc1 and make the data suitable for publication.
Referee #2:
GemC1 controls multiciliogenesis in the airway epithelium Arbi, Pefani et al. demonstate that GemC1 is an important upstream regulator of the transcriptional program required for the differentiation of airway epithelial progenitors into multiciliated cells. In addition to basic understanding, this mechanism is of interest because disturbance of airway cilia is associated with disease. It is known that Notch suppresses McIdas and that a pathway downstream of McIdas, including FoxJ1, is responsible for this differentiation, but key steps between Notch signaling and activation of McIdas are unknown. The authors find that GemC1 is expressed in ciliating and ciliated cells in multiciliated tissues. GemC1KO adult mice lack motile cilia and early regulators of motile ciliogenesis is not detected. GemC1 overexpression can drive motile ciliogenesis in airway progenitors in vitro, though to a limited extent. In a Luciferase assay, GemC1 can drive expression of McIdas and Foxj1 reporters. This activity is enhanced by E2F. Based on these findings, the authors present a model and discuss a mechanism in which GemC1 derepression by decreasing Geminin cooperates with E2F5 to activate McIdas. McIdas autoactivation then activates the downstream pathway.
The findings are clearly important, and the data supporting a key role for GemC1 are strong. However, it is not clear from the results presented that GemC1 is as "upstream" of McIdas as is implied, or if it is part of the feedback activation of McIdas that is known to occur. In this sense, the model may be rather misleading, and some additional studies are suggested to help distinguish these possibilities. These are well within the capabilities of this group, and I suggest that the authors obtain these additional results before publication.
Clarification of epistasis vs feedback: The paper "GemC1 controls multiciliogenesis in the airway epthelium." presents data that GemC1 is specifically expressed in ciliated epithelia and sufficient to induce early steps of multiciliogenesis by activating McIdas and FoxJ1. This is the first report on GemC1 as a multiciliogenesis factor and is therefore of a broad interest to the field.
Major: 1. From Xenopus morpholino experiments it is known, that McIdas directs epithelial progenitors into mulitciliated cells cell fate (Stubbs JL, Vladar EK, Axelrod JD, et al. Multicilin promotes centriole assembly and ciliogenesis during multiciliate cell differentiation. Nat Cell Biol 2012;14:140-7. doi:10.1038/ncb2406). Therefore, it would be interesting to see, whether GemC1 knockdown also affects cell fate decisions. An easy way to do so is staining of MUC5AC as a marker for mucus.In this way it can be determined whether non-ciliated MMC cells are generated or the cell population of mucus cells expand.
2. It is a very interesting finding, that GemC1-KO mice do not show any cilia and lack McIdas and FoxJ1 expression. However, I do not understand why they completely lack cilia. I would expect that monocilia are still generated, because this pathway should not be affected. Similarly MCIDAS and CCNO mutant respiratory cells still produce monocilia. The authors should perform high-resolution IF and clariy this point.
3. It is interesting to the reader to learn more about the phenotype of the mutant mice. Did the mice experience hydrocephalus and/or any signs of lung disease and/or Situs inversus? Did the mice survive until adulthood? Did the mice display any other signs of malformation or disease?
Minor: 1. The error bars for GemC1 in Figure 2 and Figure 3 are not visible.
Cross-comments by referee #2 on referee 1's report: a) I agree this is important. It should be easy to do.
d) It is true that it is unclear how Gemc1 induces the Foxj1 and MCIdas promoters, but I don't think that is essential for this manuscript, so long as the authors don't make claims that go beyond their data. Answering this question could reasonably be a next phase of this project, but the importance of the main finding does not depend on determining this mechanism. f) I'm not sure what the reviewer is asking. It's clear that Gemc1 is somehow activated by Notch suppression, and that is enough for now in my view.
In addition, re b) I think the reviewer 1 is wrong. S/he should look at the scale of each graph. Re c) I think the images are adequate, and would be fine if they were to be brightened up a bit. Please find below a point-by-point response to all comments raised by the reviewers. Following the reviewers' suggestions, we have performed a number of additional experiments which are included in the revised manuscript and address all the points raised. These include a more detailed analysis of GEMC1 knock-out animals. All findings support our conclusion that GemC1 is an important and early regulator of ciliogenesis in the airway epithelium. We would like to thank all reviewers for their comments and suggestions which we believe have improved our manuscript. Following the reviewer's suggestion, we performed double staining on saggital sections of E18.5 dpc mouse airways, with an antibody against Foxj1 and in situ probes for GemC1 or McIdas mRNA, to analyse the precise expression of GemC1 in the ciliated airway epithelium. This is now shown as a new figure EV3 . The majority of GemC1-expressing cells also express Foxj1, while there are clearly cells present which are negative for both GemC1 and FoxJ1, suggesting that GemC1, similar to FoxJ1, is expressed specifically in multiciliated cells of the mouse trachea. This is consistent with the analysis of the GemC1 knock-out animals: as shown in the new figure 6, GemC1 knock-out mice have defects specifically in the generation of multiciliated cells, while basal cells and mucus cells are present (see also comments to reviewer 3 below). It should be noted that there are no GemC1 antibodies available which would work for either immunofluorescence or immunocytochemistry (though we have tried hard to generate them and have tested available commercial ones), we are therefore limited to the analysis permitted by double in situimmunofluorescence. Fig. 1 , it seems that Foxj1 expression is initiated before Gemc1. Gemc1 expression seems to be more closely mirroring McIdas. Is this correct?
b) In the ALI cultures depicted in
In MTEC cultures, GemC1 mRNA was undetectable in mouse tracheal epithelial cells before induction of differentiation (ALI -2 and 0). Its expression becomes detectable very early after the establishment of the ALI condition and induction of differentiation (ALI day 1) and increases markedly during multiciliate cell differentiation (ALI day 3-14). Foxj1 mRNA was detected at low levels in the isolated mouse tracheal epithelial cells before induction of differentiation (ALI -2 and 0). This may be due to the presence of some co-isolated multiciliated tracheal cells in this primary population in early stages of the culture. During multiciliogenesis, Foxj1 expression is increased from ALI day 3-6, somewhat later than GemC1. McIdas mRNA expression is also detectable before ALI and its levels markedly increase from ALI day 3. Please note the difference in scale bars, as pointed out by reviewer 2.
c) Immunofluorescent images shown in Fig. 2 As GemC1 ectopic expression in mouse tracheal epithelial cells induces the expression of both McIdas and Foxj1 (Fig 2) , we performed luciferase reporter gene assays using the upstream regulatory elements of McIdas and FoxJ1 to show that GemC1 directly induces transcription from these promoters (Fig 3) . This of course does not mean that GemC1 induces transcription on its own, as luciferase assays are carried out in 293T cells which express several other transcription factors which may co-operate with GemC1. Indeed, coexpression of E2F5 led to a marked increase in GemC1 mediated transcription, suggesting that GemC1 and E2F5 co-operate. We have included additional figures to show why E2F5 was used for these experiments: the new fig EV5 shows that E2F5 is unable to trans-activate the McIdas and FoxJ1 regulatory elements on its own, it can therefore be used to assess co-operative interactions with GemC1 (and McIdas). E2F4 on the other hand has a very pronounced trans-activation activity on both the McIdas and FoxJ1 regulatory elements on its own in 293T cells. It can therefore not be used to assess co-activation. (This difference between E2F4 and E2F5 on these promoters is interesting in its own right -and we have verified it with different E2F4 and 5 constructs -but it is beyond the scope of the present manuscript). E2F1 on its own has some trans-activation activity on the McIdas and FoxJ1 regulatory elements, which is not affected by the presence of either GemC1 or McIdas, as shown in the new fig  EV5. To establish beyond all doubt that GemC1 directly trans-activates the MCIDAS and FOXJ1 promoters, we have carried out additional experiments, shown in the new Fig 3 and 4. To exclude that the effect we see on transcriptional activation of the FOXJ1 promoter is indirect, through activation or induction of McIdas, we have repeated the experiment in cells where McIdas has been knocked down. As shown in the new Fig3, GemC1 mediated activation of the FOXJ1 regulatory elements is unaffected by McIdas depletion. In addition, we carried out chromatin immunoprecipitation experiments (ChIP). As shown in the new figure 4, GemC1 specifically interacts with fragments from both the MCIDAS and FOXJ1 promoters in cells co-expressing GemC1, E2F5 and DP1. This of course does not necessarily mean that GemC1 directly binds DNA on its own. It means that it is present in a protein complex which binds both the MCIDAS and FOXJ1 promoters. We agree with the reviewer that GemC1 most likely binds to these promoters in co-operation with E2F5. Indeed, the promoter fragments precipitated by GemC1 contain consensus E2F4-5 binding sites, consistent with this explanation. We have discussed these points in our revised manuscript.
e) Do the Gemc1 knockout mice survive to adulthood or die in the post-natal stages? If they survive, do they have respiratory disorder like human patients with defective MCC differentiation? It is difficult to discern from the images they have provided whether basal body multiplication happens normally in the absence of Gemc1. If McIdas is not induced, I guess the basal bodies also do not multiply. High resolution images are needed to illustrate this point.
In the revised manuscript, following the suggestion of all reviewers, we have included a better characterization of GemC1 knockout mice. As shown in the new fig. 5 , GemC1 knock-out mice (which appear similar to littermates at birth) fail to grow after birth and die within the first postnatal week.
We have also performed a much more detailed analysis of the phenotype of airway epithelial cells in these mice, as suggested by all reviewers. As shown in the new figure 6, we have used different markers of basal bodies (pericentrin and gamma-tubulin), combined with acetylated tubulin (to show cilia) and E-cadherin (to mark cell boundaries), and provided higher resolution images. We believe our new images clearly show that while in wild type tracheal cells multiple cilia protrude from multiple basal bodies evenly dispersed at the apical surface, in GemC1 knock-out animals there is no multiplication of centrioles, and we do not detect cilia (not even a primary cilium, see also comments to reviewer 3 below).
f) The authors need to put Gemc1 in the context of Notch signaling since this is the most upstream developmental pathway that regulates MCC formation.
GemC1 is indeed likely to be regulated by the Notch pathway, which has been implicated in a number of developmental pathways, including MCC formation, and was previously shown to inhibit McIdas. We have now mentioned this in our revised manuscript.
g) Finally, it has been previously shown that knockdown of Gemc1 in Xenopus embryos affects DNA replication. Could the authors comment whether this function is conserved in the mouse?
All Geminin family members (GemC1, McIdas and Geminin) have been implicated in both replication control and differentiation. These double roles may stem from a common molecular function (such as affecting chromatin state) and/or may help balance proliferation-differentiation decisions. GemC1 knock-out mice develop normally and die only after birth. They are therefore able to replicate their genome in the absence of GemC1. This does not necessarily show that GemC1 has no function in DNA replication: there are numerous examples of important cell cycle regulators which show no apparent cell cycle defects when deleted in mice, due to partial functional redundancy. It has however allowed us to establish the essential function of GemC1 in multiciliogenesis. We have now discussed these points in our revised manuscript.
Answer to Reviewer 2 comments:
Clarification of epistasis vs feedback:
The authors state that GemC1 acts upstream of McIdas because it is able to activate its expression in luc assay and because KO mice seem to lack McIdas (this should be confirmed; see #3 below). If GemC1 expression is truly upstream of McIdas, then McIdasKO mice or
McIdasRNAi cells should still express GemC1. In addition, it should be possible to find Figure 6 and new figure EV6, see also point 3 below) show that GemC1 is both essential and sufficient to induce expression of McIdas and FoxJ1. In addition, GemC1 is able to trans-activate the McIdas and FoxJ1 regulatory elements in luciferase assays (Fig3). We have now performed additional experiments to show that GemC1 directly activates its targets. In the new figure 3, we show that knock-down of McIdas by RNAi has no effect on the ability of GemC1 to trans-activate the FoxJ1 promoter, excluding an indirect effect of GemC1 on transcription through McIdas activation. In addition, ChIP experiments show that GemC1 can be detected on the McIdas and FoxJ1 regulatory elements (new figure 4).
GemC1+, McIdas-cells to show that GemC1 expression precedes McIdas. If, however, GemC1 is part of feedback then McIdas should be able to activate GemC1 expression in luc assay.

Ex vivo gain of function experiments (Figure 2) and in vivo loss of function experiments (new
To exclude that GemC1 acts downstream from McIdas in a feedback loop to enhance McIdas levels, and following the reviewer's suggestion, we have also tested whether McIdas can trans-activate the GemC1 regulatory elements in luciferase assays. As shown in the new figure EV5 , this is not the case. McIdas is unable to induce expression from the GemC1 regulatory elements, either alone, or in combination with E2F5 (while it trans-activates its own promoter). Figure 1 ), though consistent with our model, are not detailed enough to prove that GemC1 is expressed before McIdas. McIdas knock-out animals are not available (and their generation and characterization is of course beyond the scope of the present manuscript). We have tried to knock-down McIdas in MTEC cultures using shRNA expressing lentiviruses, but knock-down is inefficient (and a very efficient knock-down would be required so that a negative result -no effect on GemC1 expression -would be interpretable). However, we feel that we have provided compelling evidence through a number of complementary experiments, both in vivo, ex vivo and in vitro, to back-up our working hypothesis that GemC1 functions upstream from McIdas. We have now discussed these points in greater detail in our revised manuscript.
McIdas overexpression directs ~100% of cells into MCCs, while GemC1 overexpression directs only some of the cells into
MCCs. This is consistent with GemC1 being part of a feedback mechanism. Is this modest response due to assay too early in culture? The authors should assay later after ALI.
Indeed GemC1 ectopic expression directs only 15-20% of cells to express McIdas and FoxJ1 and proceed towards multiciliation. This is not due to assaying early in the culture (we have also tried later time-points) but we think it may be due to toxicity effects, when GemC1 is expressed to high levels. We have noticed that only in cells ectopically expressing GemC1 to moderate levels is expression of McIdas and FoxJ1 induced, and not in cells expressing GemC1 to high levels. This is evident also in the representative images shown in Figure 2 . This sensitivity to the levels of ectopic expression is likely to be technical (misfolded protein) or it may indicate an underlying intricate regulation -which is however beyond the scope of the present manuscript.
The experiment showing that GemC1 mice have no McIdas is done in adult mice. It is possible that
McIdas expression is activated but fails to sustain itself in the mutant. This should be examined very early in ciliogenesis, and perhaps verified by qPCR at E16.5. In addition, the authors should determine whether the cells fail to make basal bodies or show any signs of abortive differentiation. This could be assessed by EM of early tracheas or by more closely examining basal bodies in GemC1 MTECs.
GemC1 knock-out mice die in the first postnatal week. This is now better described in the new figure 5 . The experiments showing that GemC1 knock-out mice have no McIdas expression in the airway epithelium are done with new-born mice (figure 6). Following the reviewer's suggestion, we collected tracheas from wild-type and knock-out embryos at E16.5 d.p.c , and analyzed them by real time PCR in order to examine the expression of McIdas. In addition we examined the expression levels of Foxj1 and Geminin mRNA. As shown in the new figure EV6 , McIdas (a) and Foxj1 (b) mRNA levels are markedly decreased in the tracheas of GemC1 knock-out animals, in comparison to wild type littermates, already at this early stage. Geminin mRNA expression levels were not significantly affected. These data indicate that loss of McIdas (and FoxJ1) expression happens early in development, and is unlikely to be an indirect effect.
Moreover, in the current manuscript, following the comments of all reviewers, we examined in more detail the effect of GemC1 absence in basal body formation using higher magnification images of both pericentrin and γ tubulin marked centrioles (see new figure 6 ). This analysis clearly shows that GemC1 knock-out cells fail to multiply their centrioles (see also comments to reviewer 3 below).
Minor points 1. Given the ambiguity above, the authors should avoid the terminology master regulator. Even if the authors are correct that GemC1 is truly upstream of McIdas, it is not necessarily a master regulator, if that is taken to mean the most upstream transcriptional activator.
As explained above, we believe our data, taken together, indicate that GemC1 indeed acts as an upstream transcriptional regulator of McIdas, rather than being required to maintain its expression. In addition, we believe it does act very early in the decision to initiate the multiciliated cell fate (see also comment to reviewer 3 below). We however agree with the reviewer that the term "master regulator" is ambiguous and can be misleading and we have removed it.
Fig. 3a-d: label graphs directly with McIdas (a,b) or Foxj1 (c,d)
We have modified these graphs according to the reviewer's suggestion and have labeled them directly.
Answer to Reviewer 3 comments:
Major:
From Xenopus morpholino experiments it is known, that McIdas directs epithelial progenitors into mulitciliated cells cell fate (Stubbs JL, Vladar EK, Axelrod JD, et al.
Multicilin promotes centriole assembly and ciliogenesis during multiciliate cell differentiation. Nat Cell Biol 2012;14:140-7. doi:10.1038/ncb2406). Therefore, it would be interesting to see, whether GemC1 knockdown also affects cell fate decisions. An easy way to do so is staining of MUC5AC as a marker for mucus. In this way it can be determined whether non-ciliated MMC cells are generated or the cell population of mucus cells expand.
It is indeed highly interesting to investigate whether the absence of GemC1 affects cell fate decisions, and may affect whether basal progenitor cells proceed towards the MCC or secretory cell fate. Following the reviewer's suggestion, we have used a marker of basal progenitor cells (Keratin 5) and a marker of mucus cells (MUC5AC as suggested by the reviewer) to stain GemC1 knock out and control littermates. As shown in the new figure 6, while multiciliated cells are not detectable in the mutant epithelia, both basal cells and mucus cells are present. Indeed, mucus cell numbers appear increased. This is consistent with GemC1 acting early in the decision of basal cells to proceed towards an MCC or secretory cell fate. This is a highly interesting observation that opens up an important venue for future studies, not least because mucus metaplasia constitutes an important pathophysiological entity. Following the reviewer's suggestion we performed a more detailed analysis in order to clarify whether GemC1-deficient tracheal cells have monocilia. As shown in the new figure 6, cilia are not detected in GemC1 KO/KO tracheal cells while pericentrin and gamma tubulin staining reveals two centrioles per cell. In contrast, GemC1
It is a very interesting finding, that
WT/WT tracheal cells possess multiple cilia protruding from large numbers of basal bodies. McIdas knock-out mice have not been described. In patients with mutations in McIdas, no cilia, or one to two cilia per cell are detected (Boon M. et al, 2014) . CCNO mutant cells (both from patients and mice) showed reduced numbers of motile cilia (Wallmeier J. et al., 2014 , Funk et al 2015 while mice do not show early postnatal lethality, as GemC1 mice. CCNO acts downstream in the ciliogenesis pathway. It is intriguing to speculate that GemC1 acts high in the hierarchy of ciliogenesis factors, and blocks ciliogenesis at an early stage.
We have now described in more detail the phenotype of GemC1 mutant mice in the revised manuscript. GemC1 knock-out mice are born at expected ratios and without apparent developmental abnormalities. They however fail to thrive and die within the first postnatal week. This is likely to be caused by defective airway mucus clearance, similar to FoxJ1 mutant mice. We have not observed situs inversus though we cannot exclude a low-penetrance phenotype. Similarly, patients with mutations in McIdas do not have situs inversus. Hydrocephalus is not observed in GemC1-deficient newborn mice, however ependymal cell differentiation is initiated around birth and is completed within the first two postnatal weeks. GemC1 deficient mice die within the first postnatal week, it is therefore unlikely that the timeframe would be sufficient for hydrocephalus appearance. Conditionally ablating GemC1 in the brain will be required for these studies. Thank you for the submission of your revised manuscript to EMBO reports. We have now received the comments from the referees that were asked to assess it, and I am happy to tell you that both support its publication now. Referee 1 has a few more comments that I think are important and need to be addressed before we can proceed with the official acceptance of your manuscript.
Scale bars are missing in Fig 1, EV1 and EV2, these need to be added. In Fig 2 you The tables in the Appendix need to be changed to table EV1 and table EV2 , and no Appendix is needed. We can change the name of the files, but please make sure that the EV tables and figures are correctly referenced in the manuscript text.
REFEREE REPORTS
The data have been significantly revised, resulting in a markedly improved manuscript. However, the mechanistic aspect of GemC1 function still remains a mystery. The authors show convincingly that GemC1 is an important regulator of McIdas and FoxJ1 in the multiciliogenesis differentiation pathway. The discussion is well presented and balanced. All of the comments from the prior critique have been carefully addressed, and I now recommend publication without further modification.
2nd Revision -authors' response 23 December 2015
"The data have been significantly revised, resulting in a markedly improved manuscript. However, the mechanistic aspect of GemC1 function still remains a mystery. The authors continue to propose that GemC1 collaborates with the E2F factors to regulate transcription. Even though I requested that the they do a co-IP experiment to show interaction, if any, between GemC1 and E2F5, they have not done this experiment, and have carefully avoided making any comments about this in the text as well as in the rebuttal. Could the authors please include a statement whether or not GemC1 interacts physically with E2F5, like McIdas does? At the end of the first paragraph on page 9 they state: "Precipitated fragments from both the MCIDAS and FOXJ1 regulatory elements contain consensus E2F4/5 binding sites, suggesting that GemC1 interacts with these promoters as a complex with E2F4/5. We conclude that GemC1 specifically induces transcription from the upstream regulatory elements of both MCIDAS and FOXJ1 and co-operates with the E2F5 transcription factor for this induction". "The authors must also cite two papers on GemC1/GMNC and multiciliated cell differentiation that have now been published, and discuss their findings in the light of the data presented in these reports"
We have cited both papers (one of the two was already cited) in Discussion Concerning the points you raised:
Response to Editor
Scale bars are missing in Fig 1, EV1 and EV2, these need to be added.
Scale bars have now been added to Fig1, EV1 and EV2.
In Fig 2 you seem to calculate statistics for two independently performed experiments, which is not possible. If n=2 please remove the scale bars and show the individual data points of both experiments along with their mean instead. It would be much better though to repeat the experiment one more time so that n=3 and to calculate statistics.
Quantifications in fig 2 are done by measuring at least 5 independent fields in each sample. As this ex-vivo model is non-homogeneous it does not suffice to quantify mean % in each sample -it is essential to show that the observed difference holds true for a number of independently selected fields, and that this difference is statistically significant for all fields by Mann-Whitney (a large difference but in a small number of fields would not be significant). This type of analysis is standard for non-homogeneous samples (such as tissues, or tissue models). We have now described this in the figure legend.
Please specify in the legend for Fig 4C, D whether a representative experiment or the means of two experiments are depicted in the graphs.
This has been clarified in the figure legend (representative experiment)
Please add the number of experiments performed for Fig EV6. 
This has been clarified in the figure legend (traceae from 3 mutant and 3 wild type embryos analysed in duplicates)
The tables in the Appendix need to be changed to table EV1 and table EV2 , and no Appendix is needed. We can change the name of the files, but please make sure that the EV tables and figures are correctly referenced in the manuscript text.
We have corrected this and provide the updated tables in the link below
3rd Editorial Decision 04 January 2016
I am very pleased to accept your manuscript for publication in the next available issue of EMBO reports. Thank you for your contribution to our journal.
